Haugh unit value were depressed (P < 0.05) at the high mycotoxin level 2 wk postinclusion. Egg weight was significantly reduced (P < 0.05) with the high toxins level by the third week of toxin administration and remained throughout the study during toxin administration. Egg shape index indicated a variation (P < 0.05) in shape with all toxin levels compared with the control. Relative yolk weight was decreased (P < 0.05) by the high toxin level. An interaction existed between the deactivating compound inclusion and toxins level with regard to specific gravity. Following the toxin phase, the deactivating compound inclusion increased (P < 0.05) egg specific gravity in the control and low toxin groups whereas a decrease (P < 0.05) was observed at the high toxin level. These data indicate that mycotoxins present in feed can reduce egg quality, size, yolk weight, and alter egg shape and that inclusion of a mycotoxin deactivating compound can ameliorate some of the negative effects of mycotoxin consumption.
sues with high protein turnover rates, such as the small intestine, liver, and the immune system, are most severely affected by DON intoxication (Döll et al., 2003) . Hamilton et al. (1981) fed laying pullets wheat-soybean diets containing 0.35 and 0.7 mg/kg of DON for 70 d observing no meaningful change in performance. However, egg and shell weight, shell thickness, and percent shell decreased linearly with increasing levels of dietary DON. Aluminosilicates can effectively adsorb aflatoxins but are not effective against trichothecene mycotoxins, such as DAS or T-2 toxin (Kubena et al., 1993 , Phillips, 1999 . A more specific dietary treatment has been recently developed using enzymes capable of inactivating the trichothecenes through modification of the basic trichothecene structure. The inhibitory activity of trichothecenes requires the presence of the C-12,13 epoxide, and opening of the 12,13-epoxide ring results in loss of any apparent toxicity (Binder et al., 2000) . The aim of the present study was to investigate the adverse effects of dietary aflatoxin (AFLA) and DON in laying hens and possible effectiveness of commercially available mycotoxin deactivation product with demonstrated efficacy against both aflatoxins and trichothecenes.
MATERIALS AND METHODS

Birds
To evaluate influence of mycotoxin-contaminated diets and effectiveness of a potential deactivating agent (Mycofix Select, Biomin GmbH, Herzogenburg, Austria) on egg quality and characteristics in peak producing laying performance in 450 Lohmann LSL-LITE. Pullets (14 wk of age) were obtained from a local egg production facility and moved to the Texas A&M University Poultry Research Center. Pullets were allowed to acclimate to the research facility and begin egg production before the start of the trial. Hens were housed in commercial-type laying cages at densities that met acceptable placement densities outlined by the 2007-2008 United Egg Producers Animal Welfare Guidelines. All husbandry practices, including the space requirements for unrestricted feeder and water access followed these published guidelines and were conducted in accordance with an Animal Use Protocol approved by the Institutional Animal Care and Use Committee (IA-CUC) at Texas A&M University. Upon arrival at the research facility, pullets were fed a corn-soybean-based developer ration that met or exceeded nutrient recommendations specified in the Lohmann LSL-LITE management guide. Subsequent feed and lighting changes following the management guide were made allowing for the initiation for egg production. Birds were placed in commercial-type cages located in 2 windowless environmentally controlled laying facilities. The cages used during the trial had dimensions of 30.5 × 50.8 cm, which allowed for 1,548 cm 2 of rearing space. Three pullets were place per cage to achieve 516 cm 2 of rearing space per bird.
Experimental Design
The experimental design consisted of a 4 × 2 factorial design evaluating multiple toxin levels combined with and without mycotoxin deactivating agent inclusion, yielding a total of 8 treatment groups. Four toxin administration levels were evaluated and included a control (diet free of mycotoxin), low (0.5 mg/kg of AFLA + 1.0 mg/kg of DON), medium (1.5 mg/kg of AFLA + 1.5 mg/kg of DON), and high (2.0 mg/kg of AFLA + 2.0 mg/kg of DON) with and without the inclusion of deactivation compound (2.27 kg/ton). Each treatment consisted of 16 replicate cages with each replicate containing 3 birds. Treatments were assigned to individual replicates based on wk 24 BW and egg production levels to ensure that each treatment began the experiment on wk 25 with statistically equivalent BW and egg production levels.
Mycotoxin Contamination and Administration
Naturally contaminated corn with an assayed contamination level of 4.0 mg/kg of DON and purified aflatoxin in rice culture was used to reach experimental contamination levels. To increase contamination levels of the diets, contaminated corn and rice culture were used to replace noncontaminated corn. Basal diets of each contamination level were divided into 2 subsamples and the deactivating agent was added to one portion. Three samples of each treatment (500 g) were shipped to Romer Labs for AFLA and DON determination via HPLC analysis (Table 1) . In short, purification was accomplished by using immunoaffinity clean up columns (Romer Labs, Austria). The HPLC analyses were performed with 1100 and 1200 series HPLC systems equipped with a Fluorescence detector (G1321A).
The experiment initiated on wk 25 of age with feeding of each dietary treatment to producing laying hens for 6 consecutive weeks. Following the 6 wk administration period, all laying hens were fed a diet devoid of all mycotoxin for a subsequent 4 wk (recovery period), at which time the experiment was concluded. Parameters evaluated throughout the experiment included egg weight, specific gravity, albumen height, yolk color, eggshell thickness, length, width, relative albumen, and yolk weight. All evaluated parameters were conducted on a biweekly basis using all eggs produced over a 24-h period with the exception of egg weight which was determined on a weekly basis. Specific gravity measurements were determined using the saline flotation method (Holder and Bradford, 1979) . Egg length and width were determined using a veriner caliper and egg shape index was calculated as length/width (Lin et al., 2004) . Albumen height and Haugh unit measurements were determined using an automated Egg Analyzer (Orka Food Technology, Ramat HaSharon, Israel). Large and small end shell thickness were measured with a barrel anvil micrometer to obtain a shell thickness average.
Statistical Analysis
Data were analyzed via a 4 (toxin) × 2 (deactivation compound) factorial ANOVA using the GLM procedure with main effect means deemed significantly determined at P ≤ 0.05 (SPSS v. 18.0, Chicago, IL) . Main effect means were separated using Duncan's multiple range test. In cases were a significant interaction was present between toxin level and deactivation compound inclusion, data were subjected to a one-way ANOVA with means deemed different at P ≤ 0.05. In these cases, individual treatment means were separated using Duncan's multiple range test. Prior to analysis, relative yolk and albumen weight was subjected to an arcsin transformation.
RESULTS
Beginning with the third week of toxins administration, the high toxin level caused a decrease (P < 0.05) in egg weight compared with the control group and the low-toxin administered group (Table 2) . Following the fourth week of toxin administration, an interaction was observed between toxin administration and deactivating compound inclusion. Egg weights from hens fed the high toxin diet alone had the lowest (P < 0.05) egg weights compared with all other groups, whereas inclusion of deactivating compound into the high toxin diet increased (P < 0.05) egg weight to a level comparable to the nonsupplemented control. Following the fifth and sixth weeks of toxins administration, egg weights in both the medium and high toxin levels were reduced (P < 0.05) compared with the control and low-toxin diets with high-toxin administration producing the lowest observed egg weight. No difference in egg weight was observed between the controls and low toxin level and the conclusion of the toxin phase. High-toxin administration continued to depress egg weight through 2 wk following toxins administration. Inclusion of the deactivating compound in the high-toxin diet increased egg weight during the first week following toxin removal to a level comparable to the nonsupplemented control diet. No difference in egg weights between any of the toxin levels and the control were observed at the conclusion of the 4-wk recovery period.
Differences in specific gravity were not observed until the final week of toxin administration when an interaction was observed between toxin level and Mycofix inclusion (Table 3) . Increases (P < 0.05) in specific gravity were observed with deactivating compound inclusion in both the control and low-level toxin administration treatments; however, a reduction (P < 0.05) was observed in specific gravity with deactivating compound inclusion in the high-level diet. Increases (P < 0.05) in specific gravity in nonsupplemented diets were observed as the toxin level was increased with the hightoxin level, yielding the highest specific gravity value. The high-toxins diet continued to yield increased specific gravity values compared with the rest of the toxin treatments through the second week of the recovery period. This may be as a result of the reduced egg weights from this treatment. At the conclusion of the recovery period, all treatments expressed similar specific gravity values.
Egg shape index suggests a variation in egg shape (P < 0.05) following the fourth and sixth weeks of toxin administration at all toxin levels as compared with the control diet (Table 4) . Following 4 wk of toxin administration, decreases (P < 0.05) in egg length were observed in hens fed the medium and high toxin levels as compared with the control and low toxin levels. This observation continued through the remainder of toxin administration. Similar observations were observed 2 wk following toxin removal with eggs produced by hightoxin administered hens expressing decreased length compared with eggs produced by non-toxin-administered hens. Similar results were observed in egg width. Eggs produced by high-toxin fed hens were observed to have decreased (P < 0.05) egg width as compared with eggs produced by non-toxin-administered hens following 4 wk of toxin administration and continued through the remainder of toxin administration. No differences 1 Contaminated diets were fed for 6 consecutive weeks followed by a 4-wk recovery period in which the diet was free of mycotoxins. were observed in egg shape index due to the inclusion of the deactivating compound. Following the recovery phase, no differences were observed in egg shape index due to toxin administration, indicating that egg shape will return to normal when mycotoxins are removed from the diet. An immediate effect of toxin was observed with all toxin levels yielding decreased (P < 0.05) shell thickness compared with the control diet following 2 wk of administration (Table 5 ) although no differences were observed during the fourth week of toxin administration. An interaction between toxin and deactivating compound inclusion was observed on shell thickness following the toxin period. In non-deactivating compound diets, shell thickness in this region was increased (P < 0.05) in the high-level treatment compared with all other treatments. Deactivating compound inclusion improved shell thickness in the control, low, and medium toxin levels, however not to a level that reached significance (P > 0.05). No differences were observed during any point of the recovery phase with regard to shell thickness.
Following the second week of toxins administration, albumen height was reduced (P < 0.05) due to high toxin level inclusion (Table 6 ). This effect was also observed following the second week of the recovery phase. No differences in albumen height were observed at the conclusion of the recovery period. The reduction in albumen height resulted in an observed reduction in Haugh unit value (P < 0.05) during the second week of toxins administration and the second week of the recovery phase for eggs from hens fed the high toxins diet as compared with the control group (Table 7 ).
An interaction with regard to relative yolk weight was observed on wk 4 of the toxin administration period. As the level of toxins increased, relative yolk weight decreased (P < 0.05) resulting in a significant reduction at the high level of inclusion compared with the controls (Table 8) . Inclusion of the deactivating compound increased relative yolk weight in the low-toxin level diet. Following the toxin phase, the high level of inclusion decreased (P < 0.05) relative yolk weight compared with all other treatment groups. No differences were observed due to toxin level during any point of the recovery phase with regard to relative yolk weight. During the fourth week of toxins administration, relative albumen weight increased (P < 0.05) in the medium and high toxin level treatments (Table 9) as compared with the control diet. After the fourth week of recovery, the inclusion of the deactivating compound decreased (P < 0.05) relative albumen weight and increased relative yolk weight. This observation had not been seen through the previous 9 wk of the experiment.
DISCUSSION
In the current study, multiple egg quality parameters were negatively affected with the presence of dietary 1 Contaminated diets were fed for 6 consecutive weeks followed by a 4-wk recovery period in which the diet was free of mycotoxins. a,b Main effect and treatment means with different superscripts differ at P ≤ 0.05. 1 Contaminated diets were fed for 6 consecutive weeks followed by a 4-wk recovery period in which the diet was free of mycotoxins. 2 Mycofix Select (Biomin GmbH, Herzogenburg, Austria) inclusion of 2.27 kg/ton. 3 Target level of 0.5 mg/kg of aflatoxin B1 and 1.0 mg/kg of deoxynivalenol. 4 Target level of 1.5 mg/kg of aflatoxin B1 and 1.5 mg/kg of deoxynivalenol. 5 Target level of 2.0 mg/kg of aflatoxin B1 and 2.0 mg/kg of deoxynivalenol. 1 Contaminated diets were fed for 6 consecutive weeks followed by a 4-wk recovery period in which the diet was free of mycotoxins. mycotoxin contamination. The combination of AFLA and DON resulted in reduced egg weight, reduced Haugh units, reduced yolk weight, and reduced albumen height. However, following the 4-wk recovery period in which all layers were fed a mycotoxin-free diet, all egg quality measurements returned to levels equal to that of eggs produced by control laying hens. Reduction of egg weight due to the presence of dietary myctoxin has been previously reported. Rizzi et al. (2003) reported the observation of reduced egg weights from laying hens fed diets contaminated with 2.5 mg/kg of AFLA B 1 which is a similar level to the high inclusion rate in the current study which also resulted in a reduction of egg weight within 3 wk after mycotoxin administration. Danicke et al. (2002) observed reduced egg weight with Fusarium toxin-contaminated corn containing DON and zearalenone. In the current study, reduced egg weight was also observed at the medium inclusion level (1.5 mg/kg of AFLA and DON) at the conclusion of the mycotoxin administration period. Following the removal of toxins from the diet, egg weights from hens fed the medium toxin level immediately increased within 7 d to a level equivalent to eggs produced by toxin-free laying hens. Egg weights of laying hens fed the high toxin contamination level required greater than 2 wk of feeding a mycotoxin-free diet before egg weights increased to a level similar to control laying hen egg weights. This indicates that removal of mycotoxin-contaminated diets will result in a quick recovery and increased performance, however, time is dependent upon mycotoxin contamination level. In addition to reduced egg weight, additional reductions in yolk weight, shell weight, and interior quality have been reported. Washburn et al. (1984) observed reduced egg and yolk weights produced by laying hens fed diets contaminated with 5 μg of AFLA B 1 per gram, which is twice that used in the current study. Zaghini et al. (2005) reported reduced eggshell weight associated with the feeding of 2.5 mg/kg of AFLA. Reduced yolk weight and Haugh unit value were reported by Rizzi et al. (2003) when feeding a diet contaminated with 2.5 mg/kg of AFLA B1. Reduced yolk weight and Haugh unit value were also observed in the current study, confirming that feeding mycotoxin-contaminated diets will negatively affect interior egg quality.
In the current study, high levels of mycotoxin contamination in feed fed to laying hens resulted in eggs with increased specific gravity measurements and eggshell thickness as compared with eggs produced by hens fed noncontaminated diets. Washburn et al. (1984) reported an increase in shell strength in hens fed AFLA B 1 -contaminated diets which was attributed to the fact that shell weight was not decreased in proportion to the decrease in total egg weight, resulting in a higher shell percentage for smaller eggs. This observation can explain the observed differences in specific gravity and shell thickness in the current study between high toxin level and the control diet as the differences were observed during time periods of observed reduced egg weight in the high-toxins diet fed to layers. Additional effects of mycotoxin contamination in the current study included egg length, egg width, and egg shape index as mycotoxin-contaminated feed being fed at all investigated levels altered the egg shape index as compared with eggs produced by noncontaminated feed fed to laying hens. Inclusion of the mycotoxin deactivating compound in the current study resulted in multiple positive observations with regard to egg quality measurements. The inclusion of the deactivating compound delayed the onset of reduced egg weight in the high toxins treatment group. Additionally, the inclusion of deactivating compound increased specific gravity measurements in control, low, and medium toxins fed to laying hens. The lack of improved shell thickness and specific gravity in the high-toxins administration group is likely due to the reduction in egg size observed in this particular treatment. Danicke et al. (2002) reported the ability of this deactivating compound to increase egg weight in laying hens fed Fusarium toxin-contaminated corn containing DON and zearalenone. This group (Danicke et al., 2002 ) also reported improvements in nutrient digestibility and metabolizability of gross energy with the inclusion of this deactivating compound. Taken together, this study illustrates the significant negative effect of mycotoxin contamination on egg quality characteristics and demonstrates the ability of a deactivating compound to reduce or eliminate such observed effects.
